An alkaliphilic and moderately halophilic actinobacterium, designated strain GP10-3 T , was isolated from Populus euphratica collected from the southern edge of Taklimakan desert, Xinjiang, China. Cells of this strain were Gram-stain-positive, non-motile and non-spore-forming short rods. Strain GP10-3 T grew optimally at 37 6C on LB agar media in the presence of 5-10 % (w/v) NaCl at pH 9.0. The menaquinones were MK-7, MK-8 and MK-9. The major fatty acids (.10 %) were anteiso-C 17 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The peptidoglycan type was variation A4a, L-Lys-LGlu. The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylglycolipid, phosphatidylcholine, phosphatidylinositol, glycolipid and an unidentified phospholipid. The DNA G+C content was 67.4 mol%. Phylogenetic analysis based on 16S rRNA gene sequence showed that strain GP10-3 T belonged to the genus Nesterenkonia, sharing 94.6-96.9 % sequence similarity with the type strains of species within this genus with validly published names. Based on the evidence of the polyphasic taxonomic study, strain GP10-3 T
94.6-96.9 % sequence similarity with the type strains of species within this genus with validly published names. Based on the evidence of the polyphasic taxonomic study, strain GP10-3 T represents a novel species of the genus Nesterenkonia, for which the name Nesterenkonia populi sp. nov. is proposed. The type strain is GP10-3 T (5DSM 27959 T 5KCTC 29119 T ).
The genus Nesterenkonia was first proposed by Stackebrandt et al. (1995) with the reclassification of Micrococcus halobius (Onishi & Kamekura, 1972) as Nesterenkonia halobia. The description of the genus was later emended by Li et al. (2005) , and indicated that members of the genus Nesterenkonia are moderately halophilic or halotolerant, some are alkaliphilic or alkalitolerant. At present, the genus comprises 13 species with validly published names, 11 of which were isolated from saline-alkaline environments or deserts, including Nesterenkonia halobia Mota et al., 1997) ; Nesterenkonia lacusekhoensis (Collins et al., 2002) ; Nesterenkonia halotolerans, Nesterenkonia xinjiangensis (Li et al., 2004) ; Nesterenkonia lutea, Nesterenkonia sandarakina (Li et al., 2005) ; Nesterenkonia jeotgali (Yoon et al., 2006) ; Nesterenkonia aethiopica (Delgado et al., 2006) ; Nesterenkonia halophila (Li et al., 2008) ; Nesterenkonia suensis (Govender et al., 2013) and Nesterenkonia rhizosphaerae (Wang et al., 2014) . During a study on cultivable actinobacterial diversity associated with psammophytes, strain GP10-3 T , an alkaliphilic and moderately halophilic actinobacterium, was isolated from a saline-alkaline niche. Based on phylogenetic analysis, isolate GP10-3 T showed relatively high levels of 16S rRNA gene sequence similarities to members of the genus Nesterenkonia. Results of a polyphasic taxonomic study showed that strain GP10-3 T could be distinguished from previously described species of the genus Nesterenkonia and represented a novel species. In this paper, the taxonomic position of this strain is reported.
Strain GP10-3
T was isolated from a piece of bark on Populus euphratica collected from the southern edge of Taklimakan desert. The bark was covered by a thin layer of white salt and located near a wound, where briny water leaked out. The brackish bark was ground into powder by using a micromill and distributed on GP agar media (containing 1
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: 10.0 g glycerol, 0.5 g yeast extract, 1.0 g proline, 1.0 g asparaginate, 0.5 g betaine, 1.25 g sodium pyruvate, 1.25 g KNO 3 , 20.0 g agar) adjusted to pH 10.0 and supplemented with 1 % (v/v) plant tissue extract. Incubation was carried out at 37 u C for 6 weeks. Colonies were transferred onto ISP 2 agar (Shirling & Gottlieb, 1966) supplemented with 5 % (w/v) NaCl at pH 9.0 by the plating technique and were incubated at 37 u C until a pure isolate was obtained. The purified isolate was maintained at 4 u C on Luria-Bertani agar slants (Miller, 1972) supplemented with 5 % (w/v) NaCl at pH 9.0 (LB-NaCl) and preserved as aqueous glycerol suspensions (20 %, v/v) at 280 u C.
Growth characteristics, and physiological and biochemical characteristics of strain GP10-3 T were tested alongside those of the phylogenetically closest strain, Nesterenkonia alba DSM 19423
T from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany), as reference strain under the same conditions. Growth characteristics were recorded after 2 weeks of incubation at 37 u C on Bennett's agar (Jones, 1949 ), Czapek's agar (Waksman, 1961) , ISP 2, ISP 3, ISP 4, ISP 5, ISP 7 agars (Shirling & Gottlieb, 1966) , LB agar, marine agar (Difco), nutrient agar (Difco), PYA agar (Luo et al., 2009) , R2A agar (Difco) and TSA (Difco); all media were supplemented with 5 % (w/v) NaCl. The colours of colonies and soluble pigments were determined by comparison with chips from the RAL colour charts (RAL Deutsches Institut für Gütesicherung und Kennzeichnung). Strain GP10-3 T grew well on most of the media tested except Czapek's agar, ISP 3 agar and ISP 4 agar. No growth was observed on ISP 5 agar or ISP 7 agar. Colonies on LB-NaCl agar were sulfur-yellow in colour at 37 u C (Table  S1 , available in the online Supplementary Material). The isolate did not produce diffusible pigments on the media tested. Morphological characteristics were observed after incubation at 37 u C for 5 days on LB-NaCl agar by light microscopy (BH2; Olympus) and scanning electron microscopy (Quanta 200; FEI). The Gram-staining test was performed as described by Magee et al. (1975) . Cell motility was studied on LB-NaCl swarming agar (0.4 %, w/v). The NaCl tolerance was tested on LB agar with NaCl concentrations at 0, 1, 3, 5, 7, 10, 15 and 20 % (w/v). The pH range for growth was determined within the range of pH 4.0-12.0 (at intervals of 1 pH unit) in buffered LB broth (supplemented with 5 %, w/v, NaCl) using the buffer system described by Wang et al. (2010) and Luo et al. (2008) . The optimum growth temperature was determined on LB-NaCl agar at 0, 4, 10, 18, 28, 37, 42 and 50 u C. Biomass for physiological and biochemical studies was obtained by cultivation on PYA (pH 9.0) plates supplemented with 5 % (w/v) NaCl at 37 u C for 5 days. Carbon utilization and acid production were determined by Biolog GEN III Microplates and the API 50CH system (bioMeriéux) according to the manufacturers' instructions, respectively. Catalase and oxidase activities were tested in 3 % (v/v) H 2 O 2 and 1 % (w/v) tetramethyl-p-phenylenediamine, respectively. Hydrolysis of starch, gelatin and Tween 80 was determined as described by Cowan & Steel (1965) . Nitrate reduction was determined according to the method of Lányí (1987) . Other physiological and biochemical tests were performed with the methods described by Williams et al. (1983) and Kämpfer et al. (1991) .
Cells of strain GP10-3 T were Gram-stain-positive, nonspore-forming and non-motile short rods of 0.5-0.6 mm in width and 0.8-1.3 mm in length (Fig. S1 ). Strain GP10-3 T could grow with 3-15 % (w/v) NaCl, but no growth occurred with 0, 1 or 20 % (w/v) NaCl; the optimum concentration of NaCl for growth was 5-10 % (w/v). Growth was observed at pH 8.0-12.0. No growth occurred at pH 4.0-7.0. The optimum pH for growth was pH 9.0. Strain GP10-3
T could grow at 10-42 u C and grew well at 18-37 u C, but no growth occurred at 0, 4 or 50 u C. The optimum growth temperature was 37 u C. Strain GP10-3 T could be distinguished from the closely related species of the genus Nesterenkonia by morphological, physiological and biochemical properties (Table 1 ). The detailed characteristics of T are given in the species description.
For analysis of menaquinones, polar lipids and DNA G+C content, strain GP10-3 T and the reference type strain N. alba DSM 19423
T were cultured in LB-NaCl liquid medium at 37 u C for 5 days on a rotary shaker (180 r.p.m). Menaquinones were extracted as described by Collins et al. (1977) , separated by HPLC (Groth et al. 1997) and then confirmed by using a single quadrupole mass spectrometer (LCMS-2020; Shimadzu) as described by Guo et al. (2015) . Polar lipids were extracted and analysed by two-dimensional TLC on silica gel 60 F 254 plates (Merck) as described by Minnikin et al. (1984) . Solvent systems were modified by using chloroform/ methanol/water (64 : 27 : 5, v/v) as the first dimension and chloroform/methanol/acetic acid/water (80 : 18 : 12 : 5, v/v) as the second dimension. To calculate the G+C content, DNA was prepared by the method described by Marmur (1961) . The DNA G+C content was determined by reversephase HPLC analysis and calculated from the ratio of nucleosides according to Mesbah et al. (1989) .
For analysis of fatty acids, strain GP10-3 T and the reference strain were cultured on LB-NaCl agar medium at 37 u C for 5 days. The whole-cell fatty acids were saponified, methylated and extracted according to the method described by Kuykendall et al. (1988) , and analysed by using an Agilent 7890A gas chromatograph coupled with an Agilent 5975C, a single quadrupole mass spectrometer equipped with a Nist08 Library software database. An HP-5MS capillary column (30 m60.25 mm i.d.60.25 mm film thickness; Agilent Technologies) was used for the separation of fatty acid methyl esters. The initial temperature of 90 uC was maintained for 1 min, raised to 180 u C at a rate of 10 u C min 21 , then raised to 210 u C at a rate of 2 u C min
, and finally to 270 u C at a rate of 20 u C min 21 and kept for 2 min. Helium was used as a carrier gas with a flow rate of 1.0 ml min 21 . Injection (2 ml) was made in the splitless mode at an injector temperature of 270 u C. Mass spectra were obtained using electron impact (EI; 70 eV).
The analysis of the peptidoglycan structure was carried out by the Identification Services of DSMZ. The peptidoglycan was prepared and its structure was analysed according to published protocols [Schumann, 2011;  isolation of peptidoglycan, protocol 7; qualitative analysis of amino acids and peptides, protocol 9; quantitative and enantiomeric analysis of amino acids, protocols 10 and 11 (CP-ChiraSil-L-Val column CP7495; Agilent Technologies); detection of N-terminal amino acids, protocol 12].
Strain GP10-3
T contained menaquinones MK-7, MK-8 and MK-9. The polar lipids were comprised of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylglycolipid, phosphatidylinositol, phosphatidylcholine, glycolipids and an unidentified phospholipid as shown in Fig. S2 . The major cellular fatty acids (.10 %) were anteiso-C 17 : 0 (53.3 %), anteiso-C 15 : 0 (18.6 %) and iso-C 16 : 0 (13.2 %); other fatty acids were C 16 : 0 (5.1 %), C 16 : 1 v7c (3.8 %), C 17 : 1 v10c (1.9 %), iso-C 17 : 0 (1.6 %), iso-C 15 : 0 (1.4 %) and C 15 : 0 (1.1 %) as shown in Table S2 . The peptidoglycan type of strain GP10-3 T was L-Lys-L-Glu, variation A4a (Schleifer & Kandler, 1972 ; type A11.54 according to www.peptidoglycantypes.info). The DNA G+C content was 67.4 mol%.
The 16S rRNA gene was amplified from genomic DNA extracted as described by Li et al. (2007) . The PCR amplicon was cloned by using a pEASY-T1 cloning kit (TransGen Biotech) and sequenced by using an ABI PRISM 3730XL DNA Analyser. The comparison of 16S rRNA gene sequence similarity was carried out by using the EzTaxon server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments were performed in BioEdit (Hall, 1999) . Phylogenetic analysis was performed by using maximum-parsimony (Fitch, 1971) , maximum-likelihood (Felsenstein, 1981) and neighbour-joining (Saitou & Nei, 1987) methods. A neighbour-joining phylogenetic tree from the Kimura two-parameter model (Kimura, 1983) based on 16S rRNA gene sequences was reconstructed by using MEGA version 5 (Tamura et al., 2011) , evolutionary distances were computed with bootstrap values based on 1000 replications (Felsenstein, 1985) . Comparative analyses of 16S rRNA gene sequence (1481 bp) showed that strain GP10-3 T belonged to the genus Nesterenkonia. Members of genus Nesterenkonia possess the same key properties (Stackebrandt, 2012) ; cells may be short rods, sometimes showing branching, or cocci. Menaquinones are MK-7, MK-8 and MK-9. The polar lipids include diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol. The predominant cellular fatty acids are anteiso-C 15 : 0 and anteiso-C 17 : 0 . Peptidoglycan is A4a type, L-LysGly-L-Glu, L-Lys-Gly-D-Asp or L-Lys-L-Glu. DNA G+C contents are between 64 and 72 mol%. Most characteristics of strain T fitted the description of the genus Nesterenkonia. However, the peptidoglycan type of strain GP10-3 T was A4a, L-Lys-L-Glu, which differed from that of strain N. alba DSM 19423 T . The proportions of menaquinones MK-7, MK-8 and MK-9 of strain GP10-3 T were 28.5 %, 67.4 % and 4.1 %, respectively, which were quite different from those of strain N. alba DSM 19423
T [MK-7 (11.6 %), MK-8 (49.4 %) and MK-9 (39.0 %)]. Meanwhile, strain GP10-3 T contained phosphatidylcholine and an unidentified phospholipid, which were absent in strain N. alba DSM 19423 T . Qualitative and quantitative analysis of fatty acids performed concurrently on both strains showed differences between strain GP10-3 T and the reference strain. Strain GP10-3 T contained a large amount of iso-C 16 : 0 while N. alba DSM 19423
T contained a little, and several minor fatty acids detected in GP10-3 T could not be found in N. alba DSM 19423 T .
It is generally accepted that micro-organisms displaying 16S rRNA gene sequence similarity values of 97 % or less do not belong to the same species (Stackebrandt & Goebel, 1994) . The genotypic and phenotypic differences observed support that strain GP10-3 T represents a novel species in the genus Nesterenkonia, for which the name Nesterenkonia populi sp. nov. is proposed. 
